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(54) Digital/analog (D/A) converting device with unit current generating circuit having differential 
switching and reference voltage generating circuits 



(57) The D/A converting device disdosed includes a 
decoder (1 ). and a plurality of unit current generating dr- 
cuits (2A-2G) each having a differential switching drcuit 
(15) and a reference voltage generating circuit (18). The 
decoder (1) receives a digital input value of n bits and 
outputs a plurality of complementary pairs of digital sig- 
nals corresponding to the n bits of the digital input value. 
Each unit current generating circuit (2A-2G) receives a 
complementary pair of digital signals from the decoder. 
The differential switching drcuit (15) has two comple- 
mentary current output terminals (8A.8B), a bias voltage 
input (10B) and a reference voltage input (11*). The two 
complementary current output terminals of the differen- 



tial switching circuit are interconnected between corre- 
sponding ones of the unit current generating circuits with 
the interconnected points being made two complemen- 
tary analog output terminals (4.5). Each of the analog 
output terminals and a power source terminal (6) are 
connected to a load drcuit (RJ. whereby analog output 
voltages corresponding to the digital signals inputted to 
digital input terminals (3A-3C) of the n bits are obtained 
at the analog output terminals. This enables the speed- 
ing up of a settling time by redudng overshoot and under- 
shoot when the analog output full-swings. 
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Description 

BACKGROUND OF THE INVENTION 

5 (1) Reld of the Invention 

The present invention relates to a digital-to-analog (D/A) converting device, and more particularly to a D/A converting 
device which enhances analog output coopliance and meets with the need for speeding up a settling time by the reduc- 
tion of overshoot and undershoot when the analog output swings. 

10 

(2) Description of the Related Art 

A conventional D/A converting device of the kind to which the present invention relates is proposed In, for example, 
Japanese Patent Application Kokai Publication No. Hei 4-310020. The conventional D/A converting device proposed is 
15 first explained with reference to Figs. 1 and 2. 

Each of the configurations of the devices shown in Figs. 1 and 2 is a conventional 3-bit input D/A converting dev^ice 
formed on an N-type semiconductor substrate. 

A first conventional D/A converting device shown in Fig. 1 is constituted mainly by a decoder 51 and seven unit 
current generating circuits {52A - 52G). The decoder 51 receives signals from 3-bit digital input terminals (D1 - D3) and 
20 outputs ses/en pairs of complementary digital output signals (Dini, inverted Dini) to (Din7, inverted DinT). Each of the 
unit current generating drcuits (52A - 52G) deternnines. based on the paired complementary decoder output signals, 
from which of the complementary current output terminals (lOx, inverted lOx (x=1-7)) the constant current value is to 
be drawn. 

Next, as shown in Fig. 2. the internal drcuit of each of the unit current generating circuits (52a - 52G) is constituted 
25 by an N-type constant current MOS transistor MNGI which allows the constant current I to flow therein according to a 
gate bias potential Vbo a differential pair of N-type MOS switching transistors MNB1 and MNB1 whose sources are 
commonly connected to a drain of the N-type constant current MOS transistor MNC1. an N-type fixed bias MOS transistor 
MNA1 whose source Is connected to a drain of tiie N-type MOS switching transistor MNB1 and whose gate is biased 
by a constant potential V^ef. and an N-type fixed bias MOS transistor MNB2 whose source is connected to a drain of the 
30 N-type MOS switching transistor MNB2 and whose gate is biased by the constant potential V^f. with the drain electrodes 
of these N-type fixed bias MOS transistors MNA1 and MNA2 being used respectively as cun^ent output terminals 58A 
and 588. 

Also, the gates of the N-type MOS switching transistors (MNBI. MNB2) receive respectively the complementary 
digital output signals (DinX, inverted DinX {X=1-7)) from the decoder 51 . Further, each of the gate electrodes of the N- 
35 type fixed bias MOS transistors (MNA1 , MNA2) is connected to a reference voltage input terminal 64B to which the 
constant potential V^ef is provided. 

The constant current generating circuits (52A - 52G) internally operates such that, when the digital output signal 
(DinX, (X=l-7)) of the decoder 51 is a digital signal "1" and the complementary signal (inverted DinX, (X=1-7)) of the 
digital output signal is a digital signal "0", the transistor MNBI turns ON and the transistor MNB2 turns OFF so that the 
40 constant current I controlled by the transistor MNC1 operates so as to draw the current from the side of the current 
output terminal 58A. 

Inversely, when the digital output signal (DinX, (X=:1 -7)) is a digital signal "0" and the complementary signal (inverted 
DinX, (X=1-7)) of the digital signal output is a digital signal "1. it follows that the current is drawn from the side of the 
current output terminal 58B. 

45 The complementary pair current output terminals (58/V, 58B) of each of the constant current generating circuits (52A 
- 52G) are respectively connected to an analog output terminal 54 and its complementary analog output terminal 55 
and, by connecting an output load resistor 12A having a resistance value R^. between the analog output terminal 54 and 
the power source terminal 6. it is enabled to obtain at the analog output terminal 54 an analog output voltage Vout 
corresponding to the digital input value. 

50 The output voltage thus obtained may be expressed by the equation as follows: 

Vout = Vdd * R L • KDinI + Din2 + Din3 + Din4 + Din5 + Din6 + DinT). 

In tiie same way as above, tiie inverted analog output voltage Vout can be obtained at the analog output terminal 55. 
55 Further, where D1 is the least significant bit (LSB) and D3 is the most significant bit (MSB), the decoder 51 follows 
the truth table as shown in Fig. 4 as to the relationship between the inputs (D1 - D3) and the outputs (Dini - Din 7). 

Now, with reference to the circuit diagram shown in Fig. 5. a second conventional D/A converting device whose 
internal circuitry of unit cun-ent generating circuits (51 A - 52G) is as shown in Fig. 6 is explained. This device is proposed 
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under the title "A 100 MHz CMOS DAC for Video-Graphic Systems" in IEEE Journal of Sotid-State Circuits. Vol. 24. No. 
3, June 1989, pp. 635-639. 

The overall circuit blocks of this second conventional D/A converting device are the same as those of the first con- 
ventional device except that the second conventional device has a constant potential Vbv 
5 However, each of the unit cunrent generating circuits (52A - 52G) eliminates the N-type fixed bias MOS transistors 
(MNA1 . MNA2) shown in Rg. 2 which are biased by the reference potential Vref. and is constituted by two differential 
switching circuits consisting of a first differential switching circuit 1 5 in which the drains of the MOS switching transistors 
(MNB1 , MNB2) are respectively connected to the cun-ent output terminals (1 58A. 1 58B) and a second differential switch- 
ing circuit 16. 

10 The second differential switching circuit 16 is constituted by two P-type fixed bias MOS transistors (MPA1 . MPA2) 
whose sources are connected to the power source terminals 6 and whose gates receive the potential V^ef. an N-type 
constant current MOS transistor MND1 for generating the current Is whose source is connected to the second power 
source terminal 7. for example, a ground terminal (GND) and whose gate receives tiie potential Vbi. and N-type MOS 
switching transistors (MNE1, MNE2) whose drain-source paths are respectively connected between the drains of the 

15 P-type fixed bias transistors (MPA1 . MPA2) and the drain of the N-type constant current MOS transistor (MND1). and 
gates are connected to the digital switching signal lines (169A, 169B) which constitute outputs of the decoder 51. 

The above differential switching circuit 16 operates such that, whereas the digital signal transmitted to the digital 
switching signal input lines (1 69A. 1 698) is a full-swing signal ranging between the potential Vqq of the first power source 
terminal 6 and the potential Vss of the second power source terminal 7. the signal inputted to the digital switching signal 

^0 input lines (169A*. 1696*) is a signal of a small amplitude with the level thereof being witiiin the full-swing level. Because 
of tiie potential difference (Vqq- Vg^) across tine source and tiie drain caused by the constant cun-ent Ib that flows to the 
P-type fixed bias transistors (MPA2, MPA1), there is produced a potential (Vdd-Vsd). As a consequence, tfie amplitude 
level of the digital switching signals (169A\ ^B9B') is reduced by the Vsd- 

As the digital/analog converting operation of this second conventional D/A converting device is fully the same as 

2S that of the first conventional D/A converting device, the explanation is not repeated here. 

Lastiy a third conventional D/A converting device is explained with reference to Rgs. 7 and 8, This device is disclosed 
in US. Patent No. 4831282. 

The overall configuration of the third conventional D/A converting device is shown in Fig. 7. which is constituted by 
unit current generating circuits (102A - 102G) and a decoder 101 which eliminates tiie inputs DinX at one side of the 
30 digital switching signal inputs DinX and tiie inverted DinX {X=1 ,2....7} from the arrangement in ttie decoder 51 . 

Each of the unit current generating drcuits (1 02A - 1 02G) is internally arranged such that the N-type fixed bias MOS 
transistors (MNA1 , MN/\2) are eliminated from the arrangement shown in Fig. 2, the drains of the N-type MOS switching 
transistors (MNB1 , MNB2) are respectively connected to tiie conrplementary cun-ent output terminals (258A. 258B). and 
the gate of tiie N-type MOS switching transistor MNB1 is connected to the reference voltage input terminal 114 (shown 
35 in Fig. 7) to which the constant bias potential V^ef is provided from the digital switching signal input 69B ((DinX) 
X=1,2,3..,.7). 

The digital/analog conversion operation follows tiie truth table of Fig. 4 and is the same as that in the first conventional 
D/A converting device. Thus, tiie explanation therefor is not repeated here. 

The advantages in the first conventional converting device shown in Figs. 1 and 2 are that, since the N-type fixed 
40 bias MOS transistors (MNA1 , MNA2) are interposed, it is possible to prevent the switching noise from appearing at the 
analog output terminal 54 which noise occurs in tiie N-type MOS switching transistors (MNB1 . MNB2) when the com- 
plementary digital signals are inputted to the digital switching signal input lines (69A, 698). 

On tiie other hand, however, at the reference voltage input bias line 61 (see Fig 1), because of the abrupt change 
in the complementary digital signals inputted to the digital switching signal input lines (69A. 69B). there occurs a short 
45 period change in the reference voltage V^gf caused by the switching noise that passes around through the gate/drain 
capacitances (Cqobi, Cqdb2) of the N-type MOS switching transistors (MNB1 . MNB2) and tiie source/gate capacitances 
(Cqsai - C)qsa2) ^ the N-type fixed bias MOS transistors (MNA1 , MNA2). 

For the potential of the above reference voltage input bias line 61 to change, it has taken a certain period of time 
until this potential returns to the steady-state potential Vr^f due to the time constant produced by the line impedance of 
so the reference voltage input bias line 61 , the gate capacitances of tiie N-type f ixed bias MOS transistors (MNA1 , MNA2) 
and the impedance of the bias source connected to the reference voltage input terminal 64. 

The delay of tiie reference voltage input bias line 61 till it is restored to the steady-state has also caused the delay 
of the settiing time of the common source node 20B shown in Fig. 2. The settling time of the common source node 20B 
is delayed because ttie potential of the common source node 20B is determined by V^f - (Vqsai. Vqsas)- 
ss (Vgsai. Vgsa2) is a gate/source voltage which is produced when tiie cun'ent value I determined by the N-type 
constant current MOS transistor MNG1 flows to the N-type fixed bias MOS transistors MNA1 and MNA2. which may be 
expressed as: 
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VqSAI' VgSA2 - 
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In this equation, even when the current value I undergoes a slight change, the gate/source voltage Vqsai or Vqsa2 

remains almost constant as it is proportional to the square of (1/2). 

That IS, when either of the MOS switching transistors (MNB1, MNB2) is completely ON and the other is completely 

OFF. the settling waveform at the common source nodie 20B shown in Fig. 2 shows a settling waveform of the potential 
10 Vref of the reference voltage input bias line 61 B and a transient response almost the same although an off-set is present. 

On the other hand, since the change at the common source node 20B causes the drain potential of the N-type constant 

current MOS transistor MNC1 to change, the constant current value \ is changed though slightly, which is caused by the 

early-voltage effect of the N-type constant current MOS transistor MNC1 . 

Also, since the reference voltage input bias line 61 shown in Fig. 1 is commonly connected to all of the unit current 
15 generating circuits (52A - 52G). the potential change is caused to take place at the node 20B of the separate unit current 

generating circurt(s) (52A - 52G) in which there are no changes in the digital signals of the digital switching signal input 

lines (69A, 69B). 

The problem resulted from the above is the delay of the settling of the analog output voltage Vout which appears as 
the sum of the current values of the unit current generating circuits (52A - 52G) con-esponding to the digital input (D1 - 
20 D3). This timing is shown in Rg. 3. There is a trend that each of the nodes 22B and 23B abruptly changes to the GND 
side when the N-type MOS switching transistors (MNB1 , MNB2) change from OFF to ON, and conversely changes 
gently when the same transistors change from ON to OFF. 

The reason for the above is that, when the N-type MOS switching transistor (MNB1 or MN&2) changes from OFF 
to ON. the charge at the node 22B or the node 23B is drawn to the GND side at the current value I and. as a consequence, 
25 the potential change at the nodes (22B. 23B) is completed in a short time. 

On the other hand, when the N-type MOS ti'ansistor (MNB1 or MNB2) changes from ON to OFF, the operation takes 
place at the saturation region, and the charging Is made through the N-type fixed bias MOS transistor (MNA1 or MNA2) 
whose Impedance is very high, so that the potential change at the node (22B or 23B) takes time. 

The afcx>ve potential change at the nodes (22B, 23B) causes the potential V^ef bias line to be changed through tiie 
30 gate/source capacitances (Cgsa1' Cgsa2} of the N-type fixed bias MOS transistors (MNA1, MNA2), and also causes 
the potential at the node 20B to be changed. The potential changes such as those of the reference voltage input bias 
line 61 and the node 20B, that Is, the spike noise, are Influenced by a potential change witii larger dV/dt between the 
potential changes at the nodes (22B. 23B) respectively at tiie times to, t1 and t2, so that a large spike noise inevitably 
occurs at tiie GND side. 

35 The above spike noise acts in tiie direction to make the control current I smaller for a short time of the constant 
current MOS transistor MNC1 so that there is a trend that, although no overshoot at the falling time is present, the 
waveform of the analog output Vout makes the falling time large. However, at the rising time of the analog output Vout> 
the charging is effected through the output load resistor 62A from the Vqq side so that no influence is received from the 
change in the V^ef bias line 61. 

40 For reducing tiie spike noise of the above Vref bias line 61 so as to make the settiing time faster for tiie analog output 
Vout. there is a proposed D/A converting device under the titie "A 10 bit 80 MHz Glitchless CMOS D/A converter** in 
GICC* 91 , Technical Paper 26. 5. 1 - 26. 5. 4, in which the V^ef bias line 61 is connected to the power source terminal. 
However, the connection of the Vr^f bias line to the power source terminal 6 results In about V pp- V r^f+V (Vjh being 
the absolute value of the threshold voltage of the transistors (MNA1 , MNA2)). The defect therein is that the analog output 

45 compliance (the maximum amplitude of the analog output Vout which can maintain the accuracy of the analog output 
cun'ent) is made so small as to be within the 1 volt of the tiireshokl value Vjh of the transistors. 

Further, when the reference voltage V^ef Is confined within the power source voltage Vpo in order to increase the 
analog output compliance, tiiere is a problem that, It is required to provide, as a reference voltage source to be connected 
to the reference voltage input terminal 64, a voltage follower type amplifier which is of very wide band and of low imped- 

so ance or a separate power source in addition to the power source voltage Vqq. 

On the other hand, in the second conventional device, as the report entitied "A 100 MHz CMOS DAC for Video 
Graphic System" explains, a two-stage type differential switch is used so as to avoid the influence from the change in 
the reference voltage input bias line 61 shown in Rg. 6. 

However, the problems in the above are tiiat tiie differential svitching circuit 1 6 newly provided results in an increase 

55 in the power consumption and that the provision of such differential switching circuit newly requires three element tran- 
sistors thereby increasing tiie chip area. 

A D/A converting device disclosed in tiie U. S. Patent No. 483 1 282 is an example which attempts to solve the problems 
as in the above first and second conventional devices. Fig. 8 shows a circuit diagram thereof. With reference to Fig. 9 
showing the timing chart of tiie operation tiiereof, the potential change at tiie node 20 is as large as about IVoQ-Vreff. 
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and further this potential change has characters such that It does not return to the steady-state in a short time but the 
potential is shifted by the ON state or OFF state of the MOS switching transistor MNB2. The change at the node 220 is 
normally in such a large value as about 1 volt so that, through the source/gate capacitance Cqsb2 or the drain/source 
capacitance Cqqoi. the reference voltage input bias line 61 causes the fixed bias line 67 to change. Whereas. In the 

5 first and second conventional devices, the potential change at the node 20 shown in each of Figs. 2 and 6 appears as 
the spike noise at several hundreds mV, in the third conventional device shown in Fig. 8. the potential change is as large 
as the 1 volt shift, which results in the defect that the fixed bias line 1 1 7 Is also shifted about several tens mV. 

In the case of the spike noise, since the bias voltage restores to almost the original bias state, the change of the 
current value 1 restores to the original state within the time period in which the spike noise is appearing. However, as 

10 shown In Fig. 12. the potential shift at the node 220 causes the potential of the constant bias line 11 7 to change, and it 
Is generally understood that this potential change restores to the original bias Vbo by the time constant determined by 
the line Impedance of the constant bias line 1 17, the impedance of the bias source and the gate capacitance of the 
constant cunrent MOS transistor MNCI . 
As a result, as shown by 

15 

l = K-(W/L)-(VQ3-V-r)^ 

(wherein K is transconductance of the transistor MNCI ; W.L Is a gate size of the transistor MNCI ; Vqs is a gate/source 
voltage; and \fj is a threshold voltage), since the value I changes with the square of the gate/source voltage Vqs. the 
20 defect Is that the rising of the analog output takes place slower than that in the first and second conventional devices so 
that, although the number of the required elements may be reduced, the device is not suited to the speeding up of the 
rate of conversion. 

In order to overcome the above problems, it is necessary that the impedance of the bias line connected to the 
constant bias input terminal 11 OB be nnade low and that a wide t^and amplifier be provided. However, at the digital/analog 
25 conversion speed in the order of 100 MHz. the t>and of this wide band amplifier becomes about 300 MHz which is three 
times the conversion speed and. since the low impedance is necessary, it is considerably difficult to realize the amplifier 
on a silicon semiconductor substrate. 

SUMMARY OF THE INVENTION 

30 

An object of the present invention Is. therefore, to overcome the problems existing In the conventional D/A converting 
devices and to provide an improved D/A converting device. 

According to one aspect of the invention, there is provided a D/A converting device comprising: 
a first power supply terminal having a first potential and a second power supply terminal having a second potential 
35 which is lower than the first potential; 

a decoder circuit which receives an n (n being a natural number larger 0. n>0) bit digital Input value of digital input 
signals inputted to Input terminals and outputs a pluralfty of complementary pairs of digital signals (Dinx,Dinx) corre- 
sponding to tiie digital Input values of the n bits; 

a plurality of unit cunrent generating circuits the number of which is same as that of the complementary pairs of 
40 the digital signals and which respectively receive the plurality of con^ementary pairs of digital signals, each of tiie unit 
current generating circuits comprising: 

a differential switching circuit having a complementary pair of input terminals to which one of the plurality of 
conrplementary pairs of the digital signals are inputted, a complementary pair of current output terminals, at least one 
bias voltage input terminal, and a reference voltage input terminal; and 
45 a reference voltage generating circuit connected to the differential switching circuit; 

a complementary pair of analog output tenminals to each of which corresponding current output terminals of ttie 
plurality of unit cunrent generating circuits are commonly connected; and 

a pair of load circuits respectively connected between the complementary pair of the output terminals and one 
of the first and secorxi power supply terminals, whereby analog output voltages corresponding to the n bit digital input 
so value of tiie digital input signals applied to the input terminals are obtained at tiie complementary pair of the analog 
output terminals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 The above and otiier objects, features and advantages of the present invention will be apparent from the following 
description of preferred embodiments of the invention explained with reference to the accomp>anying drawings, in which: 

Rg. 1 Is an overall block diagram of a first conventional D/A conversion device; 

Fig. 2 is a circuit diagram of a unit current generating circuit in the conventional D/A conversion device shown in Fig. 1 ; 
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Fig. 3 is a diagram showing potential changes during D/A conversion operations at various nodes in the unit current 
generating circuit shown in Fig. 2; 

Fig. 4 is a truth table of inputs and outputs of a decoder of the conventional D/A conversion device; 
Fig. 5 is an overall block diagram of a second conventional D/A conversion device; 
5 Fig. 6 is a circuit diagram of a unit current generating circuit in the conventional D/A conversion device shown in Fig. 5; 

Fig. 7 is an overall block diagram of a third conventional D/A conversion device; 

Fig. 8 is a circuit diagram of a unit current generating circuit in the conventional D/A conversion device shown in Fig. 7; 
Fig. 9 is a diagram showing potential changes during D/A conversion operations at various nodes in the unit current 
generating circuit shown in Fig. 8; 
10 Fig. 10 is an overall block diagram of a D/A conversion device of a first embodiment according to the invention; 
Fig. 1 1 is a circuit diagram of a unit current generating circuit of the D/A conversion device shown in Fig. 10; 
Fig. 1 2 is a diagram showing potential changes during D/A conversion operations at various nodes in the unit current 
generating circuit shown in Rg. 11; 

Fig. 1 3 is an overall block diagram of a secorxi conventional D/A conversion device according to the invention; 
75 Fig. 14 is a circuit diagram for illustrating a configuration in which a unit current generating circuit of the D/A con- 
version device of the first embodiment according to the invention is formed on a P-type semiconductor substrate; arxi 
Rg. 1 5 is a circuit diagram of the constant current MOS transistor portion wherein a plurality of MOS transistors are 
connected In series. 

20 PREFERRED EMBODIMENTS OF THE INVENTION 

Now, preferred embodiments of the present Invention are explained with reference to the drawings. 
First, a D/A converting device of a first embodiment according to the invention is explained with reference to Figs. 
10. 11 and 12. 

25 The first embodiment relates to a D/A converting device for converting a 3-bit digital signal to a corresponding analog 
signal. 

Fig. 10 shows. In a block diagram, showing the overall D/A converting device of the first embodiment. 

As shown in Rg. 10. when the digital signals D1 - D3 are Inputted to the decoder 1 through the 3-bit digital signal 
input terminals 3A - 3C (the terminal 3A being for the least significant bit and the terminal 3C being for the most significant 
30 bit), the decoder 1 operates exactly the same as the decoder 51 as in the conventional devices and is configured so as 
to output the seven paired-complementary signals (DInX and Inverted DinX(X = 1 -7)) in accordance with the truth table4. 

The output signals are respectively inputted to the digital switching signal input lines (9A, 9B) within the unit cun-ent 
generating circuits (2A • 2Q). By the digital signal values of the digital switching s'gnals (9A. 9B). the cunrents by the 
value I generated at the unit cun^ent generating circuits (2A - 2G) are outputted as flow-in current from either one of the 
35 current output terminals (8A, 88). 

Also, the con'esponding current output terminals (8A, 8B) of the unit current generating circuits (2A - 2G) are con- 
nected to the same analog output terminal 4 and the same inverted analog output terminal 5. respectively, and further 
an output load resistor 12A having a resistance value Ri_ is connected between the analog output terminal 4 and the 
power source terminal 6. An analog output voltage Vo^t is obtained from the analog output terminal 4. 
40 Now, the Internal circuit of each of the unit current generating circuits (2A - 2G) shown in Fig. 1 0 Is explained here- 
under. 

As shown In Fig. 1 1 , each of the unit current generating circuits (2A - 2G) has a differential switching circuit 15 and 
a reference voltage generating circuit 18. 

First, the configuration of the differential switching circuit 15 is explained. 
45 The differential switching circuit 15 is constituted by an N-type constant current MOS transistor MNCI whose gate 
Is connected to tiie constant bias input terminal 1 0B biased by the potential Vqq and whose source Is connected to the 
second power source terminal (Vss). that is, the ground terminal 7, and two N-type MOS switching transistors (MNBI . 
MNB2) whose sources are connected to the node 20 which is formed by the drain of the N-type constant current MOS 
transistor MNCI . Also, the sources of the N-type fixed bias MOS transistors (MNA1 , MNA2) are respectively connected 
so to the drains of the N-type MOS switching transistors (MNBI, MNB2) and, on the otiier hand, the drains thereof are 
respectively used as the current output terminals (8A, 8B). 

The gates of tiie N-type MOS transistors (MNA1 , MNA2) are connected to the reference voltage output node of the 
reference voltage generating circuit 18 through one reference voltage input bias line 11*. In the same way, the gates of 
the N-type MOS switching transistors (MNBI . MNB2) are connected to the paired digital outputs (DInX. inverted DinX) 
55 respectively through the digital switching signal Input lines (9A. 9B). 

Next, tiie configuration of the reference voltage generating circuit 18 is explained. 

The reference source circuit 1 8 is constituted by a P-type constant current source MOS transistor MPF whose source 
is connected to the first power source terminal 6 and whose dram and gate are connected to the reference voltage input 
bias line 11*. and an N-type load MOS transistor MNF whose drain is connected to the reference voltage Input bias line 



7 



BNSOOCID: <EP O72030OA1_l_> 



EP0720 300A1 



11' and whose source is connected to the secord power source terminal 7, that is, the ground terminal 7 with the 
remaining gate source being provided with the potential close to the power source voltage Vqq of the first power source 
terminal 6. 

Next, the operation of the above circuit is explained. When the digital switch signal is such that DinX = 1 and the 
5 complementary DinX = 0, the transistor MNBI is ON and the transistor MNB2 turns to OFF. so that the current I shown 
in the undermentioned equation is drawn from the side of the cunrent output terminal 8A according to the bias voltage 
Vbo inputted to the constant bias input terminal 1 0B. • 

I=(1/2)-K-(W/L)(Vbo-Vth)^ 

10 

wherein K is a transconductance of the transistor MNC1 » (W/L) is a transistor size ratio, and Vth is a threshold voltage 
of the transistor MNC1 . 

Inversely, when the digital switch signal is such that DinX=0. the inverted DinX=1 . the current value I Is drawn from 
the side of the current output terminal SB. 
15 Further, the decoder 1 operates following the same truth table as for the conventional example (Fig. 4). 

The foregoing explanation covers the arrangements of the 3-bit D/A converting device of the first embodiment. 
Next, Fig. 12 shows the potential changes to take place at each of the related nodes. 

The time from tO to the time t1 is shown in a time scale of about 20 ns in the same way as in each of Fig. 3 and Fig. 9. 

As seen in the bias changes of the reference voltage input bias line 1 1 shown in Fig. 3 with respect to the reference 
20 voltage input bias line 11 *, the reference voltage generating circuit 1 8 has the effect of suppressing the spike noise which, 
as being inherent to the differential switching circuit 15. occurs in a large value at the GND side. 

The reason for the above is that, when the gate and the drain of the P-type constant current source MOS transistor 
MPF are interconnected, there is produced a negative feedback effect of the P-type constant cun-ent source MOS tran- 
sistor MPF, so that the output impedance (1/gmf. wherein gmf being a transconductance of the transistor MPF) is reduced 
25 to about several kO - several hundreds CI Further, since the reference voltage generating circuit 1 8 can be positioned 
near the differential switching circuit 15. the influence by the line impedance of the reference voltage input bias line 11' 
can be suppressed to a minimum. 

As an example, by comparing the time constant of the reference voltage input system according to the invention 
with that in the conventional example, the detailed values are as given t^elow. 
30 Rrst the examples of the values according to the present invention are given. Assuming that the reference voltage 
input bias line 1 1 * having line capacitance of 3 x 1 0'^ pF/p.m^ per unit area with a resistance value ns = 50 mQ per unit 
width and unit length, and having a width 1 imm x a length 100 ^m has been produced through the element layout, the 
line capacitance becomes 0.03 pF and the line resistance of 5 Q is produced. 

Assuming that, where the cunrent If is 150 M.A and the reference voltage generating circuit 18 is formed such that 
35 the potential of the reference voltage input bias line 1 r is 4 V. the value 1 ka is obtained as the output impedance of 
the reference voltage generating circuit 18. Assuming that the sum of the gate capacitance of the transistor MNA1 and 
that of the transistor MNA2 are 1 pF. the time constant t of such reference voltage system is determined by a product 
of the output inrpedance of the reference voltage generating circuit 1 8 and the gate capacitances of the transistors MNA1 
and MNA2. 

40 That is, the time constant t is t = 1 ns. 

According to the invention, when the output impedance of the reference voltage generating circuit 18 is 1 kQ. the 
line resistance of the reference voltage bias line 1 1 ' becomes 5 Cl Thus, the extent corresponding to the line resistance 
is 1 kQ » 5 £2 (about 0.5 %), the extend corresponding to the line capacitance is 1 pF » 0.03 pF (atx}ut 3%) so that 
the influence of the line impedance to the time constant of the reference voltage input system may be considered neg- 

45 ligible. 

On the other hand, in the case of the conventional example shown in Fig. 1 , if the value of the current to flow is 
made 7.4 mA which is 49 times the current in the reference voltage generating circuit 18 according to the present inven- 
tion, and the output impedance is made 143 a (which is 1/7) ( .-.gmf corresponds to (1/2) square of 1^. the line resistance 
and the line capacitance of the reference voltage input tias line 61 shown in Fig. 1 result in respectively about 46 O and 
so 0.2 1 pF. which values are seven times since all the seven unit current generating circuits (52A - 52G) are interconnected. 

On the other hand, the gate capacitance of each of the transistors (MNA1 and MNA2) shown in Fig. 2 becomes 7 
pF which is also seven times. In this case, the line capacitance 0.21 pF occupies about 3 % of 7 pF which is the sum of 
the gate capacitances of the transistors MNA1 and MNA2, and this ratio is about the same as in the explained embod- 
iment according to for the present invention. However, the line resistance is 35 Q which is ^out 25% of the inrpedance 
55 143 a in the reference voltage generating circuit and is not a negligible value. 

As a result, the time constant t* of the reference voltage input system becomes tv(i 43 Q + 35 ^) x 7 pF = 1 .25 ns . 
Therefore, in the case where the reference voltage generating circuit as enployed by the present invention is used in 
the conventional example, it can be appreciated that, despite that the If is made 49 times, the time constant of the 
reference voltage input system is slower by 25 %. When the conventional exanple and the present invention are thus 
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compared, it is clear that the time constant of the reference voltage system can be made small more readily and that 
the influence of the line impedance of the reference voltage input bias line 1 V is smaller. 

That is, as compared with the conventional example, it is possible to make shorter the time in which the reference 
input voltage V^ef potential restores to the steady-state with respect to the spike noise which is caused by the differential 

5 switching of the digital signal DinX and its complementary DinX outputted from the decoder 1 . 

Also, in the separate reference voltage input bias line 11* with which the input signal DinX and its complementary 
signal DinX do not operate, the effect that there is no occurrence of the spike noise contributes so that the rise time at 
the time t1 shown in Rgs. 13 and 3 can be made shorter than that in the conventional example. This results in enhancing 
the maximum conversion speed of the D/A converting device. 

10 Next, a D/A converting device of a second embodiment according to the invention is briefly explained. 

As shown in Fig. 13. this second embodiment is one in which the N-type load MOS transistor MNF in the reference 
voltage generating circuit 18 shown in Fig. 1 1 is replaced by the load resistor 13 and, for achieving exactly the same 
effect as in the first embodiment it is set such that the reference voltage Vref Is not caused to be changed by the change 
In the threshold value of the N-type MOS transistor. Also, the back gate of each of the N-type MOS switching transistors 

75 (MNB1 and MNB2) of the differential switching circuit 15 is connected to the ground terminal 7 so that the back gate 
capacitance of each of the transistor MNB1 and the transistor MNB2 is not added to the capacitance at the node 20. 
Further, the back gates of the N-type f ixed bias MOS transistors (MNA1 and MNA2) are also connected to the ground 
terminal 7 so that, by the rise of the threshold value because of the back gate effects, it is enabled to take a large analog 
output compliance. 

20 With reference to the above embodiments of the invention, the D/A converting device has been explained as being 
applied to the N-type semiconductor substrate, it is to be understood that the invention may be applied to the P-type 
semiconductor substrate thereby achieving the same effects as those explained. Such circuit configuration is shown in 
Fig. 14, but the detailed explanation is omitted. 

Further, as shown in Fig. 15. a plurality of constant current MOS transistors MNCI - MNCm connected in series 

25 may be connected between the commonly connected sources of the differentially connected switching MOS transistors 
MNB1 . MNB2 and the second power source terminal 8, that is. the ground potential terminal. In this case, the constant 
current MOS transistors MNCI - MNCm respectively receive at their gates the different bias voltages supplied to the 
respective constant bias input terminals 10B1 - 106m. 

As explained above, in the D/A converting device according to the invention, the reference voltage source is provided 

30 in the unit current generating circuit so that the complex reference voltage source using an amplifier having low imped- 
ance characteristics and wide band characteristics as used in the conventional example can be omitted. Also, the inven- 
tion enables the reduction of overshoot/undershoot in analog output waveforms at the full-swing operation and the 
shortening of the time for the fall or the rise in the output waveforms. 

Thus, the advantage achieved is that the digital/analog conversion speeds are enhanced resulting as a result of 

35 Speeding up of the settling time of the analog output waveforms. 

Also, the analog output compliance VC may be express^ using the potential V^ef' of the reference voltage input 
bias line 1V and the respective threshold values Vjh of the transistor MNA1 and the transistor MNA2 as 
VC-VpQ- V^^'+VjH so that, as the potential V^ef' becomes smaller, the larger analog output compliance can be 
obtained. 

40 While the invention has been described in its preferred embodiments, it is to be understood that the words which 
have been used are words of description rather than limitation arxl that changes within the purview of the appended 
claims may be made without dq^arting from the true scope of the invention as defined by the claims. 

Claims 

45 

1 . A D/A converting device characterized by comprising: 

a first power supply terminal (Vqq) having a first potential and a second power supply terminal (Vss) having 
a second potential which is lower than said first potential; 

a decoder circuit (1) which receives an n (n being a natural number larger than 0. n>0) bit digital input value 
so of digital input signals inputted to input terminals (3A'3C) and outputs a plurality of complementary pairs of digital 
signals (DinX,DinX) corresponding to the digital input values of the n bits; 

a plurality of unit current generating circuits (2A-2G) the number of which is same as that of the complementary 
pairs of the digital signals and which respectively receive said plurality of complementary pairs of digital signals, 
each of said unit current generating circuits comprising: 
55 a differential switching circuit (15) having a complementary pair of input terminals (9A.9B) to which one of 

said plurality of complementary pairs of tiie digital signals are inputted, a complementary pair of current output 
terminals (8A.8B). at least one bias voltage input terminal (10B), and a reference voltage input terminal; and 
a reference voltage generating circuit (18) connected to said differential switching circuit (15); 
a complementary pair of analog output terminals (4,5) to each of which corresponding cunrent output terminals 
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of said plurality of unit current generating circuits are commonly connected; and 

a pair of load circuits (Rl. Bl) respectively connected between said complementary pair of the output terminals 
and one of said first and second power supply terminals, whereby analog output voltages corresponding to the n 
bit digital input value of the digital input signals applied to said input terminals are obtained at said conrplementary 
5 pair of the analog output terminals (4.5). 

2- A D/A converting device according to claim 1 , in which said differential switching circuit (15) comprises: 

a first constant current MOS transistor (MPCI.MNCI) which has a source connected to one of first and 
second power source terminals (Vd[>Vss) anci a gate connected to said bias voltage input (10B); 
10 a pair of first and second MOS switching transistors (MPB1 .MPB2:MNB1 .MNB2) of the same conductivity 

type as that of said first constant cunrent MOS transistor, which have sources commonly connected to a drain of 
said first constant current MOS transistor, gates respectively connected to said complementary pair of digital outputs 
of said decoder; and 

a pair of first and second fixed bias MOS transistors (MPA1 ,MPA2:MNA1 ,MNA2) of the same conductivity 
15 type as that of said first constant current MOS transistor, said first and second fixed bias MOS transistors having 
sources respectively connected to the drains of said first and second MOS switching transistors, drains respectively 
connected to said complementary pair of current output terminals (8A,8B) that are connected to said complementary 
pair of analog output terminals (4.5), and gates to which a reference voltage is commonly applied so that said first 
and second fixed bias MOS transistors are constantly kept at conductive states. 

20 

3. A D/A converting device according to claim 2, in which said first constant current MOS transistor (MNC1 ) are con- 
stituted by a plurality of MOS transistors (MNCI-MNCm) connected in series each of which receives at their gates 
different bias voltages. 

25 4. A D/A converting device according to claim 2, in which said reference voltage generating circuit (18) comprises: 
a second constant current MOS transistor (MNF.MPF) of a conductivity type opposite to that of said first 
constant current MOS transistor, said second constant current MOS transistor having a source connected to one 
of said first and second power source terminals (Vpo Vss). the other of said first and second power source terminals 
being connected to the source of said first constant cunrent MOS transistor (MPC1 ,MNC1). and a gate and a drain 

30 connected together so as to form an output node for outputting said reference voltage supplied to said differential 
switching circuit (15); and 

a load element (MPF.MNF.Rf) connected between the drain of said second constant current MOS transistor 
and one of said first and second power source terminals. 

35 5- A D/A converting device according to claim 4, in which said load element includes an active load with a MOS transistor 
(MPF.MNF) having a drain connected to the drain of said second constant current MOS transistor (MNF.MPF). a 
source connected and one of said first and second power source terminals (Vp[> Vgs). and a gate receiving a poten- 
tial suk>stantially the same as that at the source of said second constant current MOS transistor. 

40 6. A D/A converting device according to claim 4. in which said load element Includes a load resistor (Rf) connected 
t>etween the drain of said second constant current MOS transistor and one of said first and second power source 
ternninals. 

7. A D/A converting device according to claim 1. in which said reference voltage generating circuit (18) is constituted 
45 independentiy in each of said unit current generating circuits (2A-2G). and said reference voltage generating circuits 

output reference voltages that are respectively different from potentials supplied at said first and second power 
source terminals but are mutually substantially the same. 

8. A D/A converting device having a decoder for decoding n-bit digital input signals to a plurality of complementary 
so digital output signals (DinX.DinX) and a plurality of unit current generating circuits (2A-2G) respectively receiving 

said plurality of digital output signals, each of said plurality of unit current generating circuits characterized by com- 
prising: 

a differential switching circuit (15) including a differentially connected first transistor pair 
(MNB1 .MNB2:MPB1 ,MPB2) receiving one of said plurality of conrplementary digital output signals and a differen- 
55 tially connected second transistor pair (MNA1 .MN/k2:MPA1 .MPA2) receiving a reference voltage; and 

a reference voltage generating circuit which produces said reference voltage and is provided independentiy 
to each of said unit cunrent generating circuits. 
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FIG. 2 
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FIG. 3 
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